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366/   3RZHU6\VWHPDQG6LPXODWLRQ/DERUDWRU\6&$'$   6XSHUYLVRU\&RQWURODQG'DWD$FTXLVLWLRQ+20(5   +\EULG2SWLPL]DWLRQ0RGHO)RU(OHFWULF5HQHZDEOHV3&&   3RLQWRI&RPPRQ&RXSOLQJ39   3KRWRYROWDLF/('   /LJKW(PLWWLQJ'LRGH3W\SH   3RVLWLYH7\SH1W\SH   1HJDWLYH7\SH'&   'LUHFW&XUUHQW'2'   'HSWKRI'LVFKDUJH,&   ,QLWLDO&RVW&2(   &RVWRI(QHUJ\2&   2SHUDWLRQ&RVWܥ௧௢௧ǡ௔௡௡   7RWDO$QQXDOL]HG&RVWܥே௉஼   7RWDO1HW3UHVHQW&RVWܧ௡௢௡ ௥௘௡   7RWDO3URGXNVL/LVWULN1RQ5HQHZDEOH(QHUJ\ܪ௡௢௡ ௥௘௡   7RWDO3URGXNVL/LVWULN1RQ7HUPDOܧ௚௥௜ௗǡ௦௔௟௘௦   7RWDO(QHUJL/LVWULN\DQJGL-XDOSDGD*ULGܧ௦௘௥௩௘ௗ    7RWDO%HEDQ\DQJGLVXSODLܪ௦௘௥௩௘ௗ    7RWDO%HEDQ7HUPDO\DQJGLVXSODL2	0   2SHUDWLRQDQG0DLQWHQDQFH13&   1HW3UHVHQW&RVWܴ௥௘௠   6LVD0DVD+LGXS.RPSRQHQܴ௥௘௣   'XUDVL%LD\D3HQJJDQWLDQ.RPSRQHQܥ௥௘௣   %LD\D3HQJJDQWLDQ&RPSRQHQܴ௖௢௠௣   0DVD+LGXS.RPSRQHQܴ௣௥௢௝   0DVD3UR\HN&5)   &DSLWDO5HFRYHU\)DFWRU1$6$   1DWLRQDO$HURQDXWLFVDQG6SDFH$GPLQLVWUDWLRQ15$2   1RPLQDO5DWHG$UUD\2XWSXW1L&G   %DWHUDL1LFNHO&DGPLXP$K   $PSHUHKRXUV:3   :DWW3HDN

%$%%$% 3(1'$+8/8$1
 /DWDU%HODNDQJ.HEXWXKDQ HQHUJL OLVWULN \DQJ VHPDNLQ PHQLQJNDW GDQ VHPDNLQPHQLSLVQ\D EDKDQ EDNDU IRVLO PHQGRURQJ PXQFXOQ\D EDQ\DN YDULDVLVXPEHU SHPEDQJNLW 7HUOHELK ODJL GLNDUHQDNDQ DGDQ\D GHVDNDQ XQWXNPHQFLSWDNDQ VXPEHU SHPEDQJNLW \DQJ UDPDK OLQJNXQJDQ JUHHQWHFKQRORJ\PHQMDGLVDODKVDWXIDNWRUSHQGRURQJXQWXNPHQFDULVXPEHUHQHUJL ODLQ VHODLQ EDKDQ EDNDU IRVLO 6DODK VDWX DOWHUQDWLI VXPEHUSHPEDQJNLW \DQJ PHQMDQMLNDQ LDODK UHQHZDEOH HQHUJ\ DWDX HQHUJLWHUEDUXNDQ (QHUJL WHUEDUXNDQ LDODK HQHUJL \DQJ EHUDVDO GDUL SURVHVDODP \DQJ EHUNHODQMXWDQ VHSHUWL WHQDJD VXU\D WHQDJD DQJLQ DUXV DLUSURVHV ELRORJL GDQ SDQDV EXPL \DQJ NHPXGLDQ GLPDIDDWNDQ VHEDJDLVXPEHUWHQDJDOLVWULN6DODKVDWXFRQWRKSHPEDQJNLWGHQJDQNRQVHSUHQHZDEOHHQHUJ\LDODK 3HPEDQJNLW /LVWULN 7HQDJD 6XU\D 3/76 3HPEDQJNLW OLVWULNWHQDJD VXU\D DGDODK SHPEDQJNLW OLVWULN \DQJ PHQJXEDK HQHUJL VXU\DPHQMDGLHQHUJLOLVWULN3HPEDQJNLWDQOLVWULNGDSDWGLODNXNDQGHQJDQGXDFDUD\DLWXVHFDUDODQJVXQJPHQJJXQDNDQSKRWRYROWDLFGDQVHFDUDWLGDNODQJVXQJ GHQJDQ SHPXVDWDQ HQHUJL VXU\D $SOLNDVL GDUL 3/76 LQLVDQJDWODKOXDVVDODKVDWXQ\DDGDODKSHPDQIDDWDQ3/76VHEDJDLVXPEHUGDUL0LFURJULGVNDODODERUDWRULXP0LFURJULG PHUXSDNDQ VDODK VDWX FRQWRK SROD SHPEDQJNLWDQWHUGLVWULEXVL \DQJ PHOLQJNXSL EHUEDJDL PDFDP VXPEHU HQHUJL GDULVXPEHU HQHUJL IRVLO PDXSXQ VXPEHU HQHUJL WHUEDUXNDQ UHQHZDEOHHQHUJ\\DQJPHPLOLNL VLVWHP LQWHUNRQHNVLEHEDQGDQEHUEDJDLPDFDPVXPEHU \DQJ WHUGLVWULEXVL 0LFURJULG MXJD GDSDW EHURSHUDVL VHFDUDSDUDOHO GHQJDQ VLVWHP LQWHUNRQHNVL \DQJ OHELK EHVDU DWDX EHURSHUDVLVHFDUD PDQGLUL VHKLQJJD NHWLND WHUMDGL JDQJJXDQ SDGD 0LFURJULGNHEXWXKDQHQHUJLOLVWULNPDVLKGDSDWWHUSHQXKLGHQJDQPHQJNRQHNVLNDQMDULQJDQ NH VLVWHP XWDPD GDODP KDO LQL  DGDODK 3HUXVDKDDQ /LVWULN1HJDUD3/1'DODP 7XJDV $NKLU LQL DNDQ GL VLPXODVLNDQ 0LFURJULG VNDODODERUDWRULXP GHQJDQ VXPEHU 39 SDGD VDDW RQ JULG GDQ 39 GDQ 39'LHVHO SDGD VDDW RII JULG GL /DERUDWRULXP 6LPXODVL 6LVWHP 7HQDJD/LVWULN -XUXVDQ 7HNQLN (OHNWUR ,QVWLWXW 7HNQRORJL 6HSXOXK1RSHPEHU

366/,76 GHQJDQ EHEDQ EHUXSD ODPSX PHQJJXQDNDQ VRIWZDUH+20(5+20(5 DGDODK VXDWXPRGHOPLFURSRZHU \DQJ EHUIXQJVL XQWXNPHQVLPXODVL GDQ PHQJRSWLPDVL SDGD VDDW PHUDQFDQJ VHEXDK VLVWHP0LFURJULG 'HQJDQ SHUDQJNDW OXQDN LQL GDSDW GLSHUROHK VSHVLILNDVLSDOLQJ RSWLPDO GDUL VXPEHU ± VXPEHU HQHUJL \DQJPXQJNLQ GLWHUDSNDQGHQJDQPHQJJXQDNDQELD\D\DQJSDOLQJHIHNWLIFRVWHIIHFWLYH>@
 3HUPDVDODKDQ$GDSXQ IRNXV SHUPDVDODKDQ \DQJ WHUGDSDW SDGD WXJDV DNKLU LQLDGDODKVHEDJDLEHULNXW
 .RQVXPVL GDQ ELD\D SHPDNDLDQ OLVWULN GL 366/ ,76 \DQJFXNXS WLQJJLPHPLFX GLDGDNDQQ\D SHQLOLWLDQ WHUNDLW PRGHOVLVWHP SHPEDQJNLW OLVWULN PHQJJXQDNDQ HQHUJL WHUEDUXNDQVHFDUD RQ JULG \DQJ UHQGDK SROXVL GHQJDQ ELD\D RSHUDVL\DQJ HNHQRPLV GDQ HIHNWLI FRVW HIIHFWLYH \DQJ VHVXDLGHQJDQNRQGLVLGL366/,76 366/ ,76 PHPSXQ\DL KDUDSDQ XQWXN GDSDW PHQ\XSSODLEHEDQQ\D VHQGLUL WDQSD SHUOX PHODNXNDQ SHPEHOLDQ GDUL3/1 JULG PDND GDUL LWX SHQHOLWLDQ WHUNDLW PRGHO VLVWHPSHPEDQJNLW OLVWULN PHQJJXQDNDQ HQHUJL WHUEDUXNDQ VHFDUDRIIJULGSHUOXGLODNXNDQ 3HQJJXQDQDDQVRIWZDUH+20(5XQWXNPHODNXNDQVLPXODVLGDQ RSWLPDVL PLFURJULG GHQJDQ VXPEHU HQHUJL WHUEDUXNDQPDVLK MDUDQJGLWHPXLGDQ GLLPSOHPHQWDVLNDQ NKXVXVQ\DGL,QGRQHVLD
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
ܭܾ݁ݑݐݑ݄ܽ݊ ݈݇݁ݑܽݎܽ݊ ܽݎݎܽݕȀ݄ܽݎ݅ ൌ σ௄௘௕௨௧௨௛௔ ா௡௘௥௚௜Ȁ௛௔௥௜ா௙௜௦௜௘௡௦௜ ோ௢௨௡ௗ ்௥௜௣ 
.HPXGLDQNLWDPHQHQWXNDQRXWSXWGDULPRGXO39\DQJNLWDSLOLKDNDQ NLWD JXQDNDQ SDGD VLVWHP GDQ GLNDOLNDQ GHQJDQ   XQWXNPHQGDSDWNDQEHVDUDQGD\DSDVWL\DQJGDSDWGLKDVLONDQROHKPRGXO39WHUVHEXW
ܭ݈݁ݑܽݎܽ݊ ܲܽݏݐ݅ ܸܲ ൌ ܭ݈݁ݑܽݎܽ݊ ܸܲ ݔͲǤͻ
)DNWRU ODLQ \DQJ GDSDW PHPSHQJDUXKL RXWSXW GDUL PRGXO 39DGDODK ODPD VLQDU PDWDKDUL SHU KDUL GDQ GHUDWLQJ IDFWRU XQWXNPHQJDQWLVLSDVL WHUMDGLQ\D NHNXUDQJDQ SDVRNDQ GD\D0DND XNXUDQ 39GLVHVXDLNDQ GHQJDQ EXODQ \DQJ PHPLOLNL UDWD ± UDWD VLQDU PDWDKDULWHUHQGDKWLDSKDULQ\DGDQGLNDOLGHQJDQGHUDWLQJIDFWRU
ܧ݊݁ݎ݃݅ ܭ݈݁ݑܽݎܽ݊Ȁ݉݋݀ݑ݈Ȁ݄ܽݎ݅  ܭ݈݁ݑܽݎܽ݊ ܸܲ ܵܽܽݐ ܵܶܥ ݔ ܴܽ݀݅ܽݏ݅ ܯܽݐ݄ܽܽݎ݅ ݔ ݂݀ 
 7HUDNKLUDGDODKPHQHQWXNDQMXPODKPRGXO\DJGLEXWXKNDQXQWXNGDSDW PHPHQXKL EHEDQ KDULDQ \DLWX GHQJDQ FDUD PHPEDJL NHEXWXKDQNHOXDUDQGDULVHOVXU\DGHQJDQNHOXDUDQGDULPRGXO39
ܬݑ݈݄݉ܽܯ݋݀ݑ݈ ܸܲ ൌ  ௄௘௕௨௧௨௛௔௡ ௞௘௟௨௔௥௔௡ ௔௥௥௔௬Ȁ௛௔௥௜ܧ݊݁ݎ݃݅ ܭ݈݁ݑܽݎܽ݊Ȁ݉݋݀ Ȁ݄ܽݎ݅ 
 ,QYHUWHU7HJDQJDQ NHOXDUDQ GDUL 39 PHUXSDNDQ WHJDQJDQ VHDUDKWHJDQJDQ '& ROHK NDUHQD LWX GLJXQDNDQ LQYHUWHU XQWXN PHQJXEDKWHJDQJDQ'&PHQMDGL WHJDQJDQ$&7HJDQJDQ LQSXW LQYHUWHU NHOXDUDQ39 DUUD\ ELDVDQ\D  9  9 DWDX  9 QLODL WHJDQJDQ LQLPHQ\HVXDLNDQ GD\D NHOXDUDQ VLVWHP 39 (ILVLHQVL GDUL LQYHUWHU LQLVHQGLULELDVDQ\DEHUNLVDUDQWDUDKLQJJDXQWXNEHEDQSHQXKGDQ  KLQJJD  XQWXN EHEDQ   .HWLND LQJLQ PHQHQWXNDQXNXUDQDWDXLQJLQPHQDPEDKLQYHUWHU\DQJGLKXEXQJNDQSDGD39KDUXVPHPSHUKLWXQJNDQ EDWDV NHPDPSXDQ GDQ HILVLHQVL GDUL LQYHUWHU.HPDPSXDQ RSWLPXP VHEXDK VLVWHP ELDVDQ\D PHQJJXQDNDQ LQYHUWHUGHQJDQ UDWLQJ DQWDUD  KLQJJD  GDUL UDWLQJ QRPLQDO 39 \DQJGLJXQDNDQWHUJDQWXQJLNOLPGDQNDUDNWHULVWLNNHUMDLQYHUWHU

*DPEDU,QYHUWHU,5:GL366/,76
 %DWHUDL%DWHUDLPHUXSDNDQNRPSRQHQ39\DQJEHUVLIDWRSVLRQDONDUHQDDGD VLVWHP 39 \DQJ WLGDN PHPHUOXNDQ EDWHUDL VHSHUWL SRPSD DLU%DWHUDL GLJXQDNDQ XQWXN PHQ\LPSDQ HQHUJL \DQJ GLKDVLONDQ ROHK 39SDGD VLDQJ KDUL %DWHUDL PHPLOLNL EDQ\DN NHXQWXQJDQ GLDQWDUDQ\DVHEDJDLEHULNXW %DWHUDL PHQ\HGLDNDQ VXPEHU OLVWULN \DQJ SRUWDEOH 7HQDJDOLVWULN LQL WHUVHGLD GDQ GDODP MXPODK \DQJ EHVDU XQWXNGLJXQDNDQ SDGD SHUDODWDQ \DQJ GDSDW GLSLQGDKNDQ DWDX NHWLNDWLGDN DGD MDULQJDQ  OLVWULN \DQJ GDSDW GLDNVHV GDQ WLGDNEHUJDQWXQJGHQJDQNDEHO %DWHUDL GDSDW PHQ\DOXUNDQ GD\D GDODP MXPODK \DQJ VDQJDWEHVDUGDODPZDNWX\DQJVLQJNDWGDQGDSDWGLLVLXODQJ %DWHUDL PHQ\HGLDNDQ GD\D OLVWULN GL VDDW GDUXUDW HPHUJHQF\SRZHUVDDWSHQ\HGLDGD\DXWDPDVHGDQJPDWLSHUEDLNDQ %DWHUDLPHQ\HGLDNDQ GD\D'&PXUQL XQWXN ODERUDWRULXP GDQNHSHUOXDQ±NHSHUOXDQNKXVXV%DWHUDL \DQJ GDSDW GLJXQDNDQ XQWXN VLVWHP 39 DGD  MHQLVEDWHUDL /HDGDFLG GDQ EDWHUDL 1LFNHO &DGPLXP 1L&G NHGXDQ\DPHPLOLNLNHNXUDQJDQGDQNHOHELKDQPDVLQJ±PDVLQJ%DWHUDL/HDGDFLG

OHELKVHULQJGLJXQDNDQGDULSDGDEDWHUDL1LFNHO&DGPLXP$GDIDNWRU\DQJKDUXVGLJXQDNDQGDODPSHPLOLKDQEDWHUDL39 /RZ&RVWELD\D\DQJPXUDK%LD\D WHUEDJL PHQMDGL ELD\D DZDO SHPEHOLDQ GDQ ELD\DWDKXQDQ ELD\D RSHUDVL GDQ SHUEDLNDQ %LD\D DZDOPHUXSDNDQELD\DSDVWLVHODPDPDVDSHUHQFDQDDQKLQJJDVDDWPHPEHOL EDWHUDL ELD\D RSHUDVL GDQ SHUEDLNDQ WLGDN SHUOXGLPDVXNNDQ GL ELD\D DZDO 7DSL ELD\D LQL GLPDVXNNDQ NHSHUKLWXQJDQ ELD\D WDKXQDQ /LIHWLPH EDWHUDL PHPSHQJDUXKLELD\DNHVHOXUXKDQ$SDELODEDWHUDLEHUWDKDQNXUDQJGDULWDKXQPDNDDNDQPHPDNDQEDQ\DNQLD\DXQWXNSHQJJDQWLDQEDWHUDL (ILVLHQVL(QHUJL\DQJ7LQJJL.LQHUMD EDWHUDL WLGDN  LGHDO SDVWL DGD UXJL ± UXJL HQHUJLVHODPD FKDUJLQJ SHQJLVLDQ GLVFKDUJLQJ GDQ VHOIGLVFKDUJLQJVHODPDEDWHUDL WLGDNGLJXQDNDQ(ILVLHQVLHQHUJLGLKLWXQJ VHEDJDL SHUEDQGLQJDQ DQWDUD HQHUJL SHQJLVLDQ GDQHQHUJL GLVFKDUJLQJ6HOI GLVFKDUJLQJ VHQGLUL WHUJDQWXQJSDGDUXJLUXJL ERFRU LQWHUQDO GDUL EDWHUDL GDQ UXJLUXJL HNVWHUQDO\DQJ GLDNLEDWNDQ NRQVXPVL HQHUJL NRPSRQHQ  NRPSRQHQHOHNWURQLN 6HOI GLVFKDUJH DNDQ PHQLQJNDW GHQJDQPHQLQJNDWQ\D VXKX VHKLQJJD XQWXN PHQJXUDQJL VHOIGLVFKDUJH SDGD EDWHUDL EDWHUDL KDUXV GLVLPSDQ SDGD VXKX\DQJOHELKUHQGDK :DNWX3HPDNDLDQ\DQJODPD 3HUEDLNDQVHPLQLPPXQJNLQGDQNRQVWUXNVL\DQJNXDW +DQGDOGDQVHOIGLVFKDUJH\DQJNHFLO 5DQJHVXKXRSHUDVL\DQJOXDV3DGDWXJDVDNKLULQLGLSLOLKEDWHUDLOHDGDFLG/XPLQRXV9$K
7DEHO  3HUEHGDDQ %DWHUDL /HDGDFLG GDQ 1LFNHO &DGPLXP 7LSH%DWHUDL/HDGDFLG1L&G6XPEHU%DWWHU\8QLYHUVLW\7LSH%DWHUDL /HDGDFLG 1L&G:DNWX6LNOXV ±VLNOXV ±VLNOXV(ILVLHQVL  6HOI'LVFKDUJH5DWH SHUEXODQ SHUEXODQ7HPSHUDWXU2SHUDVL െͳͷ௢  ͷͲ௢ െͶͲ௢  Ͷͷ௢

8QWXN PHQHQWXNDQ XNXUDQ EDWHUDL SHUWDPD ± WDPD NLWD KDUXVPHQFDUL MXPODK EDWHUDL VDDW SDUDOHO XQWXN LWX NLWD KDUXV PHQJHWDKXLNHEXWXKDQ DUXV EHEDQ WLDS KDULQ\D $KGD\ ODPD KDUL SHQ\LPSDQDQEDWHUDLWDQSDDGDQ\DVLQDUPDWDKDUL\DQJGLLQJLQNDQWDEHOGHSWKRIGLVFKDUJH '2' EDWHUDL NDSDVLWDV $K EDWHUDL \DQJ GLSLOLK WHJDQJDQEXVEDWHUDLGDQWHJDQJDQEDWHUDL
7DEHO/DPDKDULSHQ\LPSDQDQSDGDEDWHUDL
1XPEHURIEDWWHULHVLQSDUDOOHO
்௢௧௔௟ ಲ೓೏ೌ೤௫ ௅௔௠௔ௐ௔௞௧௨ ௉௘௡௬௜௠௣௔௡௔௡
ௗ௘௣௧௛ ௢௙ ௗ௜௦௖௛௔௥௚௘ ௫ ௄௔௣௔௦௜௧௔௦ ஺௛ ஻௔௧௘௥௔௜ 
.HPXGLDQ XQWXN PHQHQWXNDQ MXPODK EDWHUDL \DQJ GLEXWXKNDQXQWXN PHQ\HGLDNDQ NHEXWXKDQ WHQJDQJDQ GF SDGD VLVWHP DWDX MXPODKEDWHUDLSDGDUDQJNDLDQVHULDGDODKPHPEDJLWHJDQJDQEXVEDWHUDLGHQJDQWHJDQJDQEDWHUDL
்௘௚௔௡௚௔௡ ஻௨௦ ஻௔௧௘௥௔௜
்௘௚௔௡௚௔௡ ஻௔௧௘௥௔௜   
6HKLQJJD XQWXN PHQGDSDWNDQ MXPODK EDWHUDL WRWDO \DQJGLEXWXKNDQ ROHK VLVWHP LDODK GHQJDQ PHQJNDOLNDQ MXPODK EDWHUDL VDDWSDUDOHOGHQJDQVHUL

 .RPSRQHQ39'LHVHO.RPSRQHQ \DQJ GLJXQDNDQ XQWXN VLVWHP 39'LHVHO WLGDN MDXKEHUEHGDGHQJDQVLVWHP391DPXQDGDWDPEDKDQNRPSRQHQODLQ\DLWXFRQYHUWHUVHEDJDLSHQJJDQWLLQYHUWHUGDQGLHVHO
 'LHVHOJHQHUDWRU6HFDUD XPXP IXQJVL GLHVHO JHQHUDWRU DGDODK XQWXN PHQVXSODLDUXVSDGDVLVWHPNHOLVWULNDQ3URVHVSHPEDQJNLWDQOLVWULNSDGDJHQHUDWRUPHQJJXQDNDQ SULQVLS LQGXNVL \DLWX DSDELOD WHUMDGL SHUSRWRQJDQPHGDQPDJQHW GHQJDQ SHQJKDQWDU PDND SDGD SHQJKDQWDU DNDQ WLPEXO JD\DJHUDNOLVWULN8QWXNPHQGXNXQJJUHHQHQHUJ\JHQHUDWRUGLHVHOELDVDQ\DKDQ\DGLJXQDNDQXQWXNEDFNXSSDGDVLVWHP>@8NXUDQJHQHUDWRUGDSDWGLVHVXDLNDQVHVXDLGHQJDQWXJDVQ\DJHQHUDWRUELVDGLVL]HKDQ\DXQWXNPHQJLVLEDWHUDLDWDXGDSDWGLSLOLKXNXUDQ\DQJFXNXSEHVDUDJDUPDPSXXQWXNPHQJLVLEDWHUDLGDQVHFDUDEHUVDPDDQPHQMDODQNDQEHEDQVHFDUDNHVHOXUXKDQ 8QWXN WXJDV DNKLU LQL JHQHUDWRU GL VL]LQJ KDQ\D XQWXNPHQJLVLEDWHUDLGDQPHQVXSODLVHEDJLDQNHFLOGDULEHEDQ
*DPEDU*HQHUDWRUGLHVHO+21'$(8,6
 %LGLUHFWLRQDO&RQYHUWHU.HWLND JHQHUDWRU WHUPDVXN NRPSRQHQ GDODP VLVWHP VDODK VDWXNRPSRQHQ KDUXV PDPSX PHQJNRQYHUVL '& GDUL EDWHUDL NH $& XQWXNPHQVXSODL EHEDQ VHUWDPHQJNRQYHUVL $& GDUL JHQHUDWRU NH'& XQWXNPHQJLVL EDWHUDL .RPSRQHQ WHUVHEXW LDODK ELGLUHFWLRQDO FRQYHUWHU %L

GLUHFWLRQDO FRQYHUWHU DGDODK NRPELQDVL GDUL UHFWLILHU GDQ LQYHUWHU&RQYHUWHU GDSDW EHURSHUDVL VHEDJDL EDWHUU\ FKDUJHU VDDW PHQGDSDWNDQGD\DGDULGLHVHODWDXPHPEDJLEHEDQGHQJDQGLHVHOLWXVHQGLUL>@
 (PLVL(PLVLDGDODK]DWHQHUJLDWDXNRPSRQHQODLQ\DQJGLKDVLONDQGDULVXDWX NHJLDWDQ \DQJPDVXN DWDX GLPDVXNNDQQ\D NH GDODP XGDUD \DQJPHPSXQ\DL DWDX WLGDN PHPSXQ\DL SRWHQVL VHEDJDL XQVXU SHQFHPDU1DPXQGLNDUHQDNDQNLWDPHQJJXQDNDQJHQHUDWRUGLHVHOPDNDNLWDKDUXVPHQJKWXQJ SRWHQVL HPLVL &2 \DQJ GDSDW GLKDVLONDQ ROHK JHQHUDWRUWHUVHEXW XQWXN PHQJHWDKXL GDPSDN SHQJJXQDDQ JHQHUDWRU GLHVHOWHUKDGDSOLQJNXQJDQ
ܧ݉݅ݏ݅ ܿ݋ଶ ቀ௞௚௬௥ቁ ൌ ܬݑ݈݄݉ܽܤܤܯ ሺܮሻݔ ܨܽ݇ݐ݋ݎ ݇݋݊ݒ݁ݎݏ݅ ݔ ܩܹܲ
)DNWRUNRQYHUVLGDULEHQVLQDGDODKNJOLWHUGHQJDQ*:3*OREDO:DUQLQJ3RWHQWLDOGDUL&2GDSDWGLOLKDWSDGDWDEHOEHULNXW
7DEHO'DIWDU*:36HQ\DZD 5XPXV.LPLD *:3.DUERQ'LRNVLGD &2 0HWKDQH &+ 1LWURXV2[LGH 12 3HUIOXRURHWKDQH &) 3HUIOXRURSHQWDQH &) 3HUIOXRURKH[DQH &) 6XOSKXU+H[DIOXRULGH 6) 

%$%%$%3(5$1&$1*$16,67(07(1$*$39'$139',(6(/
 +20(57XJDV DNKLU LQL PHQJJXQDNDQ SHUDQJNDW OXQDN +20(5 XQWXNPHQGHVDLQVLVWHPPLFURJULG6HEHOXPPHODNXNDQVLPXODVLGDQRSWLPDVLPHQJJXQDNDQ +20(5 NLWD SHUOX PHQJXPSXONDQ LQIRUPDVL WHUNDLWEHEDQ ODERUDWRULXP WDWD OHWDN ORNDVL VXPEHU GD\D \DQJ WHUVHGLD GLODERUDWRULXP GDQ XNXUDQ NRPSRQHQ \DQJ DNDQ GLJXQDNDQ SDGD VLVWHPPLFURJULG VNDOD ODERUDWRULXP WHUOHELK GDKXOX DJDU PHQJKDVLONDQNHOXDUDQ\DQJRSWLPDOGDQFRVWHIIHFWLYH>@+DOWHUVHEXWGDSDWNLWDOLKDWSDGD *DPEDU  3HUOX GLLQJDW EDKZD +20(5 DNDQ VHODOX PHPLOLKXNXUDQNRPSRQHQ\DQJGDSDWPHPHQXKLNHEXWXKDQVLVWHPGDQPHPLOLNLKDUJDSHPEDQJNLWDQOLVWULNGDQWRWDOELD\D13&\DQJSDOLQJUHQGDK
*DPEDU )ORZFKDUW VRIWZDUH+20(5
+20(5 7KH +\EULG 2SWLPL]DWLRQ 0RGHO IRU (QHUJ\5HQHZDEOHPHUXSDNDQSHUDQJNDWOXQDN\DQJGLJXQDNDQXQWXNRSHUDVLPRGHO VLVWHP WHQDJD OLVWULN VNDOD NHFLO PLFURSRZHU GHQJDQPHQJJXQDNDQ EHUEDJDL SLOLKDQ VXPEHU GD\D WHUEDKDUXNDQ PDXSXQ

VXPEHU HQHUJL NRQYHQVLRQDO 'HQJDQ SHUDQJNDW OXQDN LQL GDSDWGLSHUROHKVSHVLILNDVL SDOLQJRSWLPDOGDUL VXPEHU± VXPEHUHQHUJL \DQJPXQJNLQ GLWHUDSNDQ 3HUDQJNDW OXQDN LQL PHODNXNDQ SHUKLWXQJDQNHVHLPEDQJDQ HQHUJL XQWXN VHWLDS NRQILJXUDVL VLVWHP \DQJ DNDQGLSHUWLPEDQJNDQ .HPXGLDQ PHQHQWXNDQ NRQILJXUDVL \DQJ OD\DNDSDNDKGDSDWPHPHQXKLNHEXWXKDQ OLVWULNSDGD ORNDVL \DQJGLWHQWXNDQSHUNLUDDQ ELD\D PRGDO SHQJJDQWLDQ RSHUDVL GDQ SHPHOLKDUDDQ EDKDQEDNDUGDQEXQJD0LVDOQ\DSDGDVLVWHPPLFURJULGGHQJDQPHQJJXQDNDQ39SKRWRYROWDLFPDND.LWDKDUXVPHPDVXNNDQGDWDORDGEHEDQGDWDVXPEHU GD\D PDWDKDUL GDWD HNRQRPL GDWD FRQVWUDLQWV V\VWHP FRQWUROLQSXWV
*DPEDU7DPSLODQ$ERXW+20(5
.HOHELKDQ SHUDQJNDW OXQDN LQL VHODLQ SHQJJXQDDQQ\D PXGDKELVD PHQVLPXODVL PHQJRSWLPDVL GDQ NHPXGLDQ VHFDUD RWRPDWLV GDSDWPHQHPXNDQ NRQILJXUDVL VLVWHP RSWLPXP \DQJ ELVD PHQ\XSODL EHEDQ

GHQJDQ ELD\D VHNDUDQJ 13& WHUHQGDK GDQ ELVD PHQJJXQDNDQSDUDPHWHUVHQVLWLYLWDVXQWXNKDVLO\DQJOHELKEDJXVGDQDNXUDW7DEHOPHQMHODVNDQWHQWDQJNHOHELKDQGDQNHOHPDKDQ+20(5>@
7DEHO.HOHELKDQGDQNHNXUDQJDQ+20(5+20(5.HOHELKDQ 0HPEDQWXXQWXNPHQHQWXNDQEDJDLPDQDVXPEHUGD\DWHUEDUXNDQVHSHUWLDQJLQGDQPDWDKDULGDSDWVHFDUDRSWLPDOGLLQWHJUDVLNDQNHGDODPVLVWHPK\EULG0HQHQWXNDQNHOD\DNDQHNRQRPLGDULVLVWHPHQHUJLWHUEDUXNDQPHQJRSWLPDONDQGHVDLQVLVWHPGDQPHPXQJNLQNDQSHQJJXQDXQWXNEHQDUEHQDUPHPDKDPLEDJDLPDQDVLVWHPHQHUJLWHUEDUXNDQEHNHUMD0HQ\DDMLNDQSLOLKDQPHQJHQDLXWLOLWDVWHOHNRPXQLNDVLVLVWHPLQWHJUDWRUGDQMHQLVODLQGDULSHQJHPEDQJDQSUR\HNVHKLQJJDPHQJXUDQJLULVLNRNHNXUDQJDQGDQDSDGDSUR\HNSHPEDQJNLWOLVWULNHQHUJLWHUEDUXNDQ.HOHPDKDQ 7LGDN PHPEHULNDQ MXPODK SDQHO GDQ MHQLV 39 VHEDJDLVROXVLKDQ\DGLWDPSLONDQGDODPEHQWXNGD\D39DUUD\3HQJJXQD KDUXVPHPLOLK MHQLV EDWHUDL VHQGLUL GDQ WLGDNDGDRSWLPDVLDQWDUDEHUEDJDLMHQLVEDWHUDL\DQJGLSLOLK
7HUGDSDWEHEHUDSDNRVDNDWDEDUX\DQJEHUNDLWDQGHQJDQKDVLOVLPXODVLSDGD+20(5EHULNXWDNDQGLMHODVNDQSHQJHUWLDQGDULNRVDNDWDEDUX\DQJDNDQVHULQJGLMXPSDLSDGD+20(5GLDQWDUDQ\DDGDODK ,QLWLDO&DSLWDO5S$GDODK VHEXWDQ XQWXN WRWDO ELD\D DZDO \DQJ GLNHOXDUNDQXQWXNSHPEHOLDQNRPSRQHQGDQLQVWDODVLDZDOSHPEDQJXQDQSUR\HN GHQJDQ NDWD ODLQ GDSDW GLVHEXWNDQ EDKZD LQLWLDOFDSLWDO DGDODK PRGDO DZDO \DQJ GLNHOXDUNDQ XQWXNPHPEDQJXQ VHEXDK SUR\HN EDUX +RPHU PHSHUVDPDDQNDQGHQJDQ PHQMXPODKNDQ VHPXD ELD\D NRPSRQHQ \DQJGLJXQDNDQ SDGD PDVLQJPDVLQJ 7DE ³,QLWLDO &DSLWDO´ VDDWLQSXWNDQGDWD 7RWDO13&5S$GDODK VLQJNDWDQ GDUL 1HW 3UHVHQW &RVW GLPDQD QLODL LQLDGDODK ELD\D EHUVLK \DQJ GLNHOXDUNDQ VHODPD SUR\HNEHURSHUDVL \DQJ PHOLSXWL GDUL VHPXD ELD\D LQVWDODVL GDQ

RSHUDVL NRPSRQHQ GLNXUDQJL QLODL GDUL VHPXD SHQGDSDWDQ\DQJGLKDVLONDQ 2SHUDWLQJ&RVW5S\U$GDODK ELD\D SHQJRSHUDVLDQ SUR\HN \DQJ GLNHOXDUNDQ UXWLQVHWLDS WDKXQQ\D \DQJ PHOLSXWL VHPXD ELD\D WHUPDVXNSHQJKDVLODQ GDUL SUR\HN VHODLQ LQLWLDO FDSLWDO DWDX ELD\DPRGDODZDO
ܥ௢௣௘௥௔௧௜௡௚ ൌ ܥ௧௢௧ǡ௔௡௡ െ ܥ௔௡௡ǡ௖௔௣ 
&WRWDQQ DWDX WRWDO DQQXDOL]HG &RVW DGDODK ELD\D \DQJGLNHOXDUNDQ UXWLQ VHWLDS WDKXQQ\D \DQJ EHUODQJVXQJ VHODPDSUR\HNEHURSHUDVLKRPHUMXJDWHODKPHPEHULNDQSHUVDPDDQWHUVHQGLUL XQWXNPHQGDSDWNDQ QLODL GDUL DQQXDOL]HG FRVW LQLVHSHUWL \DQJ WHUOLKDW SDGD SHUVDPDDQ  VHGDQJNDQ$QQXODL]HG&DSLWDO&RVWDGDODKQLODLNHVHOXUXKDQGDUL,QLWLDO&DSLWDO\DQJGLNDOLNDQGHQJDQQLODL&DSLWDO5HFRYHU\)DFWRU
ܥ௧௢௧ǡ௔௡௡ ൌ ܥܴܨ ሺ݅ǡ ܰሻ ݔ ܥே௉஼ 
&5)DGDODKIXQJVLXQWXNPHQJKLWXQJQLODL&DSLWDO5HFRYHU\)DFWRULDGDODKDQQXDOGLVFRXQWUDWHÜ1DGDODKODPDSUR\HNEHUODQJVXQJ GDQ WHUNDKLU &QSF DGDODK WRWDO 1HW 3UHVHQW&RVW $GDSXQ SHUVDPDDQ &5) GDSDW NLWD OLKDW SDGDSHUVDPDDQ
ܥܴܨሺ݅ǡ ܰሻ ൌ  ௜ሺଵା௜ሻಿ௜ሺଵା௜ሻಿିଵ 
 &RVW2I(QHUJ\5SN:K&RVW RI HQHUJ\ DGDODK ELD\D UDWDUDWD SHU N:K \DQJGLSURGXNVL ROHK VLVWHP \DQJ GLVXSODL NH EHEDQ 8QWXNPHQJKLWXQJQ\D +20(5 PHPEDJL ELD\D SHUWDKXQ VHODPDPHPSURGXNVL OLVWULN GLNXUDQJL ELD\D XQWXNPHOD\DQL EHEDQWHUPDO\DQJDGDSDGDEHEDQHOHNWULN
ܥܱܧ ൌ  ஼೟೚೟ǡೌ೙೙ா೟೚೟ǡೌ೙೙ǡೞ೐ೝೡ೐೏ 

&WRWDQQ DWDX WRWDO DQQXDOL]HG &RVW DGDODK ELD\D \DQJGLNHOXDUNDQ UXWLQ VHWLDS WDKXQQ\D \DQJ EHUODQJVXQJ VHODPDSUR\HN EHURSHUDVL &WRWDQQPHPSHUKLWXQJNDQ ELD\D PRGDOWDKXQDQ ELD\D SHQJJDQWLDQ WDKXQDQ RSHUDVL WDKXQDQ GDQSHPHOLKDUDDQ 2 	 0 ELD\D ELD\D EDKDQ EDNDU WDKXQDQMLNDDGDGDULNRPSRQHQVLVWHP 5HQHZDEOH)UDFWLRQ5HQHZDEOH )UDFWLRQPHUXSDNDQ SHUEDQGLQJDQ DQWDUD HQHUJL\DQJ GLVDOXUNDQ NH EHEDQ \DQJ GLKDVLONDQ ROHK VXPEHUHQHUJLWHUEDUXNDQ
݂ݎ݁݊ ൌ ͳ െ൫ா೙೚೙ ೝ೐೙ି ா೒ೝ೔೏ǡೞೌ೗೐ೞ൯ା ு೙೚೙ ೝ೐೙ாೞ೐ೝೡ೐೏ି ுೞ೐ೝೡ೐೏ 
(QRQ UHQ N:KWDKXQ DGDODK SURGXNVL \DQJ QRQ HQHUJLWHUEDUXNDQ(JULGVDOHVN:KWDKXQDGDODKHQHUJLWHUMXDONHJULG+QRQUHQDGDODKSURGXNVLWHUPDOQRQHQHUJLWHUEDUXNDQ(VHUYHGN:KWDKXQDGDODKWRWDOEHEDQ\DQJGLOD\DQLGDQ+VHUYHG N:KWDKXQ DGDODK WRWDO EHEDQ WHUPDO \DQJGLOD\DQL 6DOYDJH6DOYDJH DGDODK ELD\D GDUL NRPSRQHQ \DQJ PDVLK PHPLOLNLKDUJD MXDO SDGD VDDW PDVD SUR\HN EHUDNKLU +20(5PHQJNDONXODVL ELD\D VDOYDJH PHQJJXQDNDQ SHUVDPDDQEHULNXW
ܵ ൌ ܥ௥௘௣ ݔ ோೝ೐೘ோ೎೚೘೛
ܴ௥௘௠ PHUXSDNDQ PDVD KLGXS GDUL NRPSRQHQ \DQJ PDVLKWHUVLVDVDDWPDVDSUR\HNEHUDNKLU
ܴ௥௘௠ ൌ ܴ௖௢௠௣ െ ሺܴ௣௥௢௝ െ ܴ௥௘௣ሻ
ܴ௥௘௣PHUXSDNDQGXUDVLELD\DSHQJJDQWLDQNRPSRQHQ
ܴ௥௘௣ ൌ ܴ௖௢௠௣ ݔ ܫܰܶሺ ோ೛ೝ೚ೕோ೎೚೘೛

&UHS DGDODK ELD\D SHQJJDQWLDQ NRPSRQHQ 5FRPS DGDODKPDVDKLGXSNRPSRQHQ5SURMDGDODKPDVDSUR\HNGDQ,17 DGDODK IXQJVL XQWXN PHQGDSDWNDQ LQWHJHU UHDO QXPEHU,17 
 ,QIRUPDVL:LOD\DK6LWXDVL GDQ NRQGLVL NRWD 6XUDED\D SDWXW XQWXN GLNHWDKXL XQWXNGDSDW PHQHQWXNDQ SRWHQVL \DQJ GDSDW PHQGXNXQJ LPSOHPHQWDVL0LFURJULG GL 3RZHU 6\VWHP 6LPXODWLRQ /DERUDWRU\ ,QVWLWXW 7HNQRORJL6HSXOXK1RSHPEHU366/,76%HULNXWDNDQGLMHODVNDQVHFDUDXPXPWHQWDQJNRWD6XUDED\D\DQJEHUNDLWDQGHQJDQOHWDNJHRJUDILVGDQSRWHQVLVXPEHUHQHUJLWHUEDUXNDQ\DQJWHUVHGLDGLNRWD6XUDED\D.RWD 6XUDED\D PHUXSDNDQ NRWD  WHUEHVDU NHGXD GL ,QGRQHVLDVHWHODK -DNDUWD \DQJ EHUDGD GL SURYLQVL -DZD 7LPXU .RWD LQL WHUOHWDNNPVHEHODKWLPXU-DNDUWDDWDXNPVHEHODKEDUDWODXW'HQSDVDU%DOL6XUDED\D WHUOHWDNGL WHSLSDQWDLXWDUDSXODX-DZDGDQEHUKDGDSDQGHQJDQ6HODW0DGXUD VHUWD/DXW -DZD 6XUDED\DPHPLOLNL OXDV GDUDWDQVHNLWDU  NP VHUWD ODXWDQ VHOXDV  NP GHQJDQSHQGXGXNQ\D EHUMXPODK  MLZD \DQJ WHUFDWDW SDGD WDKXQ LQL 6HFDUD JHRJUDILV 6XUDED\D EHUDGD SDGD ͹௢¶´ ± ͹௢¶´/LQWDQJ6HODWDQGDQʹ௢¶±ʹ௢¶%XMXU WLPXU$WDXEHUDGDSDGD/DWLWXGHGDQ/RQJLWXGH͵௢6ͷ௢(
 .HWHUVHGLDDQ6XPEHU'D\D(QHUJL7HUEDUXNDQ6HEHOXP PHQHQWXNDQ VXPEHU HQHUJL WHUEDUXNDQ MHQLV DSD \DQJDNDQ GLJXQDNDQ WHQWXQ\D KDUXV GLNHWDKXL VHFDUD EDLN SRWHQVL HQHUJLWHUEDUXNDQ\DQJDGDGL6XUDED\DEHULNXWDNDQGLMDEDUNDQSRWHQVLDNDQVXPEHU HQHUJL WHUEDUXNDQ \DQJ EHUDVDO GDUL UDGLDVL VLQDUPDWDKDUL GDQNHFHSDWDQDQJLQ
 5DGLDVL6LQDU0DWDKDULGDQ&OHDUQHVV,QGH[.RWD 6XUDED\D PHPLOLNL SRWHQVL UDGLDVL VLQDU PDWDKDUL \DQJVDQJDW WLQJJL NDUHQD OHWDNQ\D\DQJEHUDGDGLGDWDUDQ UHQGDKGDQGHNDWGHQJDQ SHVLVLU SDQWDL 6HKLQJJD GLSHUNLUDNDQ SRWHQVL UDGLDVL VLQDUPDWDKDUL\DQJGLKDVLONDQDNDQEHUSHOXDQJEHVDUXQWXNGDSDWGLJXQDNDQVHEDJDL VXPEHU HQHUJL WHUEDUXNDQ SDGD 0LFURJULG \DQJ DNDQ GL

LPSOHPHQWDVLNDQ SDGD 366/  ,76 %HULNXW PHUXSDNDQ GDWD \DQJGLDPELOSDGDWDQJJDO0DUHWGDULVDODKVDWXZHEVLWHPLOLN1$6$1DWLRQDO $HURQDXWLFV DQG 6SDFH $GPLQLVWUDWLRQ \DQJ PHUDQJNXPNHDGDDQDWPRVIHUGLGXQLD\DQJGLSHUOLKDWNDQSDGDJDPEDUGLEDZDKGLPDQD GLWXQMXNDQ SRWHQVL UDGLDVLPDWDKDUL GDODP VDWXDQ.LORZDWW .ZSHUKDUL Q\D \DQJ GLKDVLONDQ GDODP VHWLDS  PHWHU SHUVHJL P 3KRWR9ROWDLF 39 \DQJ GLJXQDNDQ 8QWXN PHQGDSDWNDQ GDWD WHUVHEXWGLSHUOXNDQOHWDNNRRUGLQDWORNDVLNRWD6XUDED\D\DQJPHOLSXWL/DWLWXGHGDQ/RQJLWXGHQ\D+DVLOSHQJDPDWDQSHQJXNXUDQSRWHQVLUDGLDVLPDWDKDUL\DQJWHODKGLUDQJNXP ROHK 1$6$ PHQMDGLNDQ DFXDQ EDJL VHOXUXK SHQJJXQD 39XQWXNPHQJDWXUVHEHUDSDEHVDUEHEDQHOHNWULN\DQJDNDQGLJXQDNDQGDQVHEHUDSD EDQ\DN 39 GDODP VHWLDS  P \DQJ DNDQ GLJXQDNDQ XQWXNPHOD\DQL EHEDQ HOHNWULN \DQJ GLLQJLQNDQ GHQJDQ NDSDVLWDV UDGLDVLPDWDKDUL\DQJDODPLGLKDVLONDQROHKDODPVHWLDSN:KPGD\7DN OXSD MXJD GDWD PHQJDQDL FOHDUQHVV LQGH[ GL 6XUDED\D NLWDDPELO GDUL ZHEVWLH \DQJ VDPD 1$6$ XQWXN NHSHUOXDQ VLPXODVLPHQJJXQDNDQ +20(5  &OHDUQHVV LQGH[ DGDODK QLODL GDUL UDGLDVLPDWDKDUL JOREDO \DQJ EHUDGD SDGD SHUPXNDDQ WDQDK GLEDJL GHQJDQUDGLDVL PDWDKDUL GL OXDU DQJNDVD \DQJ EHUDGD GL DWDV DWPRVIHU 'DODPNDWD ODLQ FOHDUQHVV LQGH[PHUXSDNDQ SURSRUVL GDUL UDGLDVLPDWDKDUL GLOXDUDQJNDVD\DQJEHUKDVLOVDPSDLNHSHUPXNDDQEXPL1LODLUDWD±UDWDWLDSEXODQQ\DGDULFOHDUQHVVLQGH[EHULNLVDUGDULKLQJJD
*DPEDU5DWD±UDWDUDGLDVLPDWDKDULKDULDQGDQFOHDUQHVVLQGH[GDUL.RWD6XUDED\D
'DUL WDEHOGL DWDV WHUOLKDW EDKZD UDGLDVLPDWDKDUL EHUQLODL WLQJJLSDGDVDDWEXODQDJXVWXVKLQJJDQRYHPEHU8QWXNNHSHUOXDQ39GDQ39

GLHVHOSDGDSHQHOLWLDQLQLGLGDSDWNDQQLODLUDWDUDWDGDULFOHDUQHVVLQGH[VHEHVDU  GDQ UDWD ± UDWD UDGLDVL PDWDKDUL KDULDQ VHEHVDU N:K݉ଶGD\
 .HFHSDWDQ$QJLQ6XUDED\D GDSDW GLNDWHJRULNDQ VHEDJDL GDHUDK \DQJ NXUDQJEHUSRWHQVL DNDQ VXPEHU HQHUJL WHUEDUXNDQ \DQJ PHQJDQGDONDQNHFHSDWDQDQJLQ+DOLQLGDSDWGLOLKDWSDGDJDPEDU
*DPEDU5DWD±UDWDNHFHSDWDQDQJLQ6XUDED\DWLDSEXODQ
'DODP SUDNWHNQ\D UHQWDQJ NHFHSDWDQ DQJLQ \DQJ VHVXDL XQWXNNLQHUMD\DQJEDLNSDGD:LQG7XUELQH DGDODK DQWDUDPV ±PVGDQVHPDNLQ WLGDN GLVDUDQNDQ NHWLND NHFHSDWDQ DQJLQ EHUNXUDQJ GDUL QLODLWHUVHEXW>@6HKLQJJDGDSDWGLVLPSXONDQEDKZDSRWHQVLNHFHSDWDQDQJLQGL NRWD 6XUDED\D PHPLOLNL KHPEXVDQ DQJLQ GL EDZDK VWDQGDU RSHUDVL:LQG 7XUELQH VHKLQJJD NXUDQJ EHUSRWHQVL XQWXN GLJXQDNDQ VHEDJDLVXPEHU HQHUJL WHUEDUXNDQ SDGD LPSOHPHQWDVL 0LFURJULG VNDODODERUDWRULXP0DNDGDULLWXVHFDUDNHVHOXUXKDQGDSDWGLVLPSXONDQEDKZDGDULGDWD SHQJDPDWDQ SRWHQVL UDGLDVL VLQDU PDWDKDUL GDQ NHFHSDWDQ DQJLQ\DQJGLUDQJNXPROHK1$6$3RWHQVL\DQJVDQJDWPHPXQJNLQNDQXQWXNGLJXQDNDQ SDGD LPSOHPHQWDVL 0LFURJULG SDGD 366/ ± ,76 DGDODKGHQJDQPHQJJXQDNDQVXPEHUHQHUJLUDGLDVLVLQDUPDWDKDULVHODLQELD\D

SHUDZDWDQ\DQJPLQLPMXJD WLGDNPHPEXWXKNDQ ODKDQ\DQJ OXDVXQWXNPHPEDQJXQ39
 .HEXWXKDQ(QHUJL/LVWULNGL366/3DGD GDVDUDQ\D NHEXWXKDQ HQHUJL OLVWULN GL 366/ ± ,76 LQLVDQJDW EDQ\DN VHNDOL PHQFDNXS GDUL  ODPSX $&.XONDV .RPSXWHU3ULQWHU /&' GDQ .HEXWXKDQ XQWXN SUDNWLNXP ODLQQ\D 1DPXQLPSOHPHQWDVL0LFURJULG SDGD 366/ ± ,76 LQL KDQ\D GLEDWDVL XQWXNNHEXWXKDQODPSXQ\DVDMD7RWDODGDODPSXGHQJDQGD\DPDVLQJ±PDVLQJVHEVDUZDWWGL 366/ ,76  ODPSX EHURSHUDVL VHODPD  MDPKDUL GDQ  ODPSXVLVDQ\D EHURSHUDVL VHODPD  MDPKDUL /DPSX GLSHUNLUDNDQ PHPLOLNLMXPODKQLODLIDNWRUGD\DGDQEDOODVWVHQLODL%HULNXWDGDODKULQFLDQGDWDSHPDNDLDQ EHEDQ ODPSXGL 366/± ,76\DQJGDSDWGLOLKDW SDGD7DEHO
7DEHO5LQFLDQ'DWD3HPDNDLDQ%HEDQ/DPSX366/:DNWX %HEDQN: :DNWX %HEDQN:±  ± ±  ± ±  ± ±  ± ±  ± ±  ± ±  ± ±  ± ±  ± ±  ± ±  ± ±  ± 
 6L]LQJ.RPSRQHQVLVWHPRIIJULGGDQ(VWLPDVL%LD\D366/ EHUNHLQJLQDQ XQWXN GDSDW PHQ\XSODL EHEDQQ\D VHFDUDPDQGLUL WDQSD PHODNXNDQ SHPEHOLDQ GD\D SDGD JULG $JDU GDSDWPHODNXNDQKDO WHUVHEXWNLWDKDUXVPHODNXNDQVL]LQJNRPSRQHQ WHUOHELKGDKXOX XQWXN PHQGDSDWNDQ XNXUDQ NRPSRQHQ WHUEDLN XQWXN 366/1DQWLQ\D VHPXD NRPSRQHQ GLMDGLNDQ LQSXW SDGD SHUDQJNDW OXQDN+20(5+20(5NHPXGLDQ\DQJDNDQPHQHQWXNDQPDQD\DQJSDOLQJVHVXDL XQWXN GLLPSOHPHQWDVLNDQ SDGD VLVWHP PLFURJULG VHNDOD
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/GDQ5S/
 %DWHUDL%DWHUDL \DQJ GLJXQDNDQ SDGD VLVWHP LQL LDODK EDWHUDL /XPLQRXV9 $+ # +5 5$7( 60) 'HHS &\FOH %DWWHU\ GHQJDQNDSDVLWDV WLDSEDWHUDLQ\DDGDODK VHEHVDUN:K WLDSVWULQJ WHUGDSDWEDWHUDL 3HUNLUDDQ XPXU EDWHUDL DGDODK  WDKXQ GHQJDQ KDUJD VHEHVDU5S GDQ SHPDVDQJDQ VHEHVDU5S WLGDN DGD ELD\D

SHUDZDWDQ NDUHQD SHUDZDWDQ EDWHUDL \DLWX GHQJDQ FDUD PHQJJDQWLQ\DGHQJDQ \DQJ EDUX 0HODOXL SHUKLWXQJDQ GLGDSDWNDQ EDWHUDL \DQJGLEXWXKNDQWLDSVWULQJDGDODKGDQXQLWEDWHUDL
 %LGLUHFWLRQDO&RQYHUWHU&RQYHUWHU \DQJ GLSHUOXNDQ XQWXN VLVWHP 39'LHVHO LDODK N:GHQJDQ ELD\D SHPEHOLDQ GDQ SHQJJDQWLDQ LQYHUWHU VHEHVDU5SN: 'HQJDQ HVWLPDVL OLIHWLPH  WDKXQ GDQ HILVLHQVL'HQJDQXNXUDQGDQXQWXNSHUWLPEDQJDQSDGD+20(5 ,QYHUWHU,QYHUWHU \DQJ GLSHUOXNDQ XQWXN VLVWHP 39 DGDODK N: GHQJDQELD\D SHPEHOLDQ GDQ SHQJJDQWLDQ LQYHUWHU VHEHVDU 5SN:'HQJDQHVWLPDVLOLIHWLPHWDKXQGDQHILVLHQVL'HQJDQXNXUDQGDQXQWXNSHUWLPEDQJDQSDGD+20(5
 6LPXODVL6LVWHP2II*ULG.DUDNWHULVWLN RSHUDVLRQDO XWDPD VHSHUWL SURGXNVL HQHUJL OLVWULNWDKXQDQ DQQXDO HOHFWULFDO HQHUJ\ SURGXFWLRQ EHEDQ OLVWULN WDKXQDQDQQXDO HOHFWULFDO ORDGV VHUYHG NHOHELKDQ OLVWULN H[FHVV HOHFWULFLW\IUDNVLHQHUJLWHUEDUXNDQUHQHZDEOHHQHUJ\IUDFWLRQEHEDQ\DQJEHOXPWHUSHQXKLXQPHWORDGGDQODLQQ\DGLSHUROHKGDULKDVLOVLPXODVL
7DEHO+DVLO6LPXODVLGDQ2SWLPDVLVLVWHPWHQDJD39'LHVHOGDQ39SDGD+20(5$UFKLWHFWXUHN: &RVW5S39 'LHVHO %DWHUDL &RQYHUWHU 'LVSDWFK &2( 13& 2& ,&    &&  -XWD -XWD -XWD39 %DWHUDL ,QYHUWHU 'LVSDWFK &2( 13& 2& ,&
   /)  -XWD -XWD -XWD
3DGDWDEHOWHUOLKDWEDKZDVLVWHP\DQJPHPLOLNLELD\DSDOLQJHIHNWLIRSWLPDO DGDODK VLVWHP \DQJ PHQJJXQDNDQ 39  N: GLHVHON:  EXDK EDWHUDL GDQ FRQYHUWHU  N: +DO LQL WHUOLKDW GDULUHQGDKQ\D &2( 5S GDQ 13& 5S VLVWHP

WHUVHEXW GDUL SDGD VLVWHP 39 GHQJDQ &2( 5S GDQ 13&5S+DOLQLGLNDUHQDNDQGHQJDQGLWDPEDKNDQQ\DGLHVHOXNXUDQ 39 GDQ EDWHUDL GDSDW EHUNXUDQJ VHFDUD VLJQLILNDQ>@ 'LHVHOPDPSX PHQFKDUJH EDWHUDL VHFDUD ODQJVXQJ ELOD FXDFD WLGDNPHPXQJNLQDNDQXQWXNSHQJJXQDDQ39 VHKLQJJDGD\VRI VWRUDJHSDGDEDWHUDLELVDGLNXUDQJL\DQJEHUDNLEDWSDGDEHUNXUDQJQ\DMXPODKEDWHUDLMXPODK EDWHUDL WHUNHFLO KDVLO SHUKLWXQJDQPHQXQMXNNDQ MXPODK  XQLWXQWXN WLDS VWULQJ QDPXQ KDVLO RSWLPDVL +20(5 PHQHQWXNDQ EDKZDGHQJDQ  XQLW EDWHUDL SHU VWULQJ VDMD VXGDK PDPSX XQWXN PHPEXDWVLVWHPEHUMDODQVHVXDLGHQJDQIXQJVLQ\DGDQMXJDVDDW39WLGDNPDPSXPHQ\XSODL GD\D VHFDUD NHVXOXUXKDQ PDND VHEDJLDQ GDUL EHEDQ GDSDWGLVXSODL ROHK JHQHUDWRU GLHVHO \DQJ MXJD EHUDNLEDW SDGD PHQJHFLOQ\DXNXUDQ 39 5DWD ± UDWD SURGXNVL OLVWULN WLDS EXODQ GDSDW GLOLKDW SDGDJDPEDU
*DPEDU 5DWD±UDWDSURGXNVLOLVWULNWLDSEXODQ
'DUL JDPEDU  GDSDW GLOLKDW EDKZD 39 WLGDN VHSHQXKQ\DPHQ\XSODL EHEDQ SDGD VLVWHP JHQHUDWRU GLHVHO MXJD WXUXW VHUWDPHPEDQWX 39 PHQ\XSODL EHEDQ NKXVXQ\D GL EXODQ ± EXODQ GL PDQDVLQDU PDWDKDUL EHUNXUDQJ DWDX VHGDQJ WHUMDGLPXVLP KXMDQ \DLWX SDGDEXODQQRYHPEHUKLQJJDEXODQPDUHW'HWDLOOHQJNDSPHQJHQDLSURGXNVLOLVWULNEHEDQVLVWHPGDQLQIRUPDVLSHQWLQJODLQQ\D\DQJNLWDGDSDWGDUL+20(5GDSDWNLWDOLKDWSDGDWDEHOEHULNXW
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39DUUD\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
*HQHUDWRUGLHVHO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
7RWDOSURGXNVLN:K\U 
5HQHZDEOHIUDFWLRQ 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.RQVXPVLOLVWULNWDKXQDQ
$&SULPDU\ORDGVHUYHG N:K\U
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N:K\U 
&DSDFLW\6KRUWDJHN:K\U 
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NJ\U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 3DGD WDEHO  WHUOLKDW EDKZD NHOHELKDQ SURGXNVL WHQDJD OLVWULNDWDXH[FHVVHOHFWULFLW\VHEHVDUN:K\U+DOLQLWHUMDGLGLNDUHQDNDQSDGDVDDWPHQHQWXNDQXNXUDQ39NLWDPHPLOLKEXODQGHQJDQUDWD±UDWDVLQDU PDWDKDUL WHUHQGDK WLDS KDULQ\D MDQXDUL PDND GDUL LWX VDDW VLQDUPDWDKDULEHUOLPSDKPDNDSURGXNVL WHQDJD OLVWULNSXQPHQMDGLEHUOHELK6HGDQJNDQVLVWHPPHQJKDVLONDQHPLVLNDUERQVHEHVDUNJ\UMLNDGLEDQGLQJNDQ GHQJDQ KDVLO SHUKLWXQJDQ +20(5 PHQHQWXNDQ HPLVL\DQJ OHELK UHQGDK ZDODXSXQ SHUEHGDDQ\D WLGDN WHUODOX VLJQLILNDQ6HGDQJNDQXQWXNKDVLO WHFKQRHFRQRPLF+20(5GDSDWNLWD OLKDWSDGD7DEHOEHULNXW
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
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 'DSDWNLWDOLKDWEDKZDWDEHONHPXGLDQDNDQNLWDEDQGLQJNDQGHQJDQ SHUKLWXQJDQ PDQXDO \DQJ ELDVD GLJXQDNDQ SHUDQFDQJ VLVWHPSDGD XPXPQ\D %LD\D GHQJDQ PHQJJXQDNDQ PHWRGH SHUKLWXQJDQHNRQRPLGHQJDQSHUVDPDDQ\DQJVXGDKGLMHODVNDQSDGDEDEGDSDWNLWDOLKDWSDGDWDEHO
7DEHO&DVKIORZPHQJJXQDNDQSHUVDPDDQHNRQRPLVHFDUDPDQXDO.RPSRQHQ5S
0RGDO5S 3HQJJDQWLDQ5S 2	05S )XHO 6DOYDJH5S 13&5S
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'DULWDEHOGDQGDSDWWHUOLKDWSHUEHGDDQSDGDELD\DLQYHVWDVL\DQJKDPSLU VDPD LQL GLNDUHQDNDQ SDGD SHUKLWXQJDQ PDQXDO GDQPHQJJXQDNDQ+20(5NLWD WLGDNPHPSHUKLWXQJNDQQLODLGLVFRXQWUDWH
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GDQ LQIODWLRQ UDWH VHKLQJJD PHQ\HEDENDQ SHUKLWXQJDQ ELD\D OLQHDU8PXPQ\D SHUKLWXQJDQ VHPDFDP LQLNDK \DQJ ELDVD GLODNXNDQ ROHKLQYHVWRU XQWXN PHPSHUNLUDNDQ ELD\D LQYHVWDVL \DQJ DNDQ GLNHOXDUNDQSDGDVDDWSUR\HNEHUODQJVXQJ 1DPXQ SDGD NHQ\DWDDQQ\D KDUJD GDQ ELD\D NRPSRQHQ GDSDWEHUXEDKXEDK VHZDNWX±ZDNWX GLNDUHQDNDQ GLVRXQW GDQ LQIODWLRQ UDWH0DND GDUL LWX NHWLND NLWD PHQJLQSXWNDQ GLVFRXQW UDWH  GDQLQIODWLRQUDWHVHVXDLGHQJDQNRQGLVLGL,QGRQHVLD PDND+20(5GDSDW PHPSHUNLUDNDQ WHUMDGLQ\D SHQXUXQDQ GDQ NHQDLNDQ KDUJD SDGDWLDSNRPSRQHQ\DQJEHUDNLEDWSDGDUHQGDKQ\DELD\DLQYHVWDVL\DQJDNDQNLWD NHOXDUNDQ VDDW PDVD SUR\HN EHUODQJVXQJ +DO LQL GDSDW NLWD OLKDWSDGDWDEHO
7DEHO  &DVKIORZ GHQJDQ PHPSHUKLWXQJNDQ GLVFRXQW UDWH GDQLQIODWLRQUDWH.RPSRQHQ5S
0RGDO5S 3HQJJDQWLDQ5S 2	05S )XHO 6DOYDJH5S 13&5S
39 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    6LVWHP      
 7HUOLKDW EDKZD WHUGDSDW SHUEHGDDQ ELD\D LQYHVWDVL VHEHVDU5S DQWDUD VLVWHP \DQJ PHPSHUKLWXQJNDQ GLVFRXQW GDQLQIODWLRQUDWHGDQ\DQJWLGDNPHPSHUKLWXQJNDQNHGXDKDOWHUVHEXW
 6HQVLWLYLW\5HVXOW $ODVDQ NLWD PHODNXNDQ DQDOLVD VHQVLWLYLWDV DGDODK NDUHQD NLWDKDUXVPHQ\LDSNDQELD\DFDGDQJDQDSDELODWHUMDGLSHUXEDKDQGDODPVXDWXVLVWHPGLPDVDPHQGDWDQJ GDQ GDODP WXJDV DNKLU LQL GLEHULNDQ FRQWRK

SDGDKDUJDEHQVLQSUHPLXP\DQJPDQDGDODPNHQ\DWDDQQ\DKDUJD%%0SDGD XPXPQ\D GDSDW EHUXEDK ± XEDK VHWLDS ZDNWX 3DGD JHQHUDWRUGLHVHONLWDPHPEHULNDQQLODL\DQJEHUEHGDXQWXNKDUJDSUHPLXP\DLWX5S/ 5S/ GDQ 5S/ $NLEDW GDULSHUXEDKDQ KDUJD SUHPLXP WHUKDGDS 13& GDDW NLWD OLKDW SDGD JDPEDU
*DPEDU(IHNSHUXEDKDQKDUJDEHQVLQWHUKDGDS13&PHQJJXQDNDQ+20(5
*DPEDUGLDWDVPHPSHUOLKDWNDQHIHNGDULSHUXEDKDQKDUJDEHQVLQGHQJDQ ELD\D13& VHPDNLQ WLQJJL KDUJD EHQVLQ PDND13& SXQ MXJDDNDQPHQLQJNDWKDOLQLWHUMDGLGLNDUHQDNDQKDUJDEHQVLQPHPSHQJDUXKLELD\D RSHUDVL JHQHUDWRU GLHVHO VHKLQJJD PHQLQJNDWQ\D ELD\D RSHUDVLPDNDDNDQGLVHUWDLGHQJDQNHQDLNDQELD\D13&
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 .HVLPSXODQ%HUGDVDUNDQKDVLO\DQJWHODKGLGDSDWNDQPHODOXLSURVHVVLPXODVLRSWLPDVL GDQ DQDOLVD GDWD PHQJJXQDNDQ +20(5 'LGDSDWNDQNHVLPSXODQVHEDJDLEHULNXW 3DGDVLVWHPWHQDJD39PLFURJULGVNDODODERUDWRULXP366/VDDW RQ JULG ELD\DQ\D DNDQ VHODOX OHELK WLQJJL5S MLND GLEDQGLQJNDQ GHQJDQ VLVWHP JULGVDDW LQL 5S SHUEHGDDQQ\D VHEHVDU 5S XQWXN  NDOL PDVD SUR\HN  WDKXQ 'LNDUHQDNDQVDDWNLWDPHQGHVDLQVLVWHPPLFURJULGRQJULGNLWDKDUXVPHQJHOXDUNDQELD\DXQWXNSHQJDGDDQNRPSRQHQGDQSHUDZDWDQ \DQJ KDUXV GLNHOXDUNDQ SDGD VLVWHPPLFURJULG6HKLQJJDWLGDNGLUHNRPHQGDVLNDQXQWXNGLODNXNDQ 6HGDQJNDQSDGDVLVWHPWHQDJD39GDQ39'LHVHOPLFURJULGVNDOD ODERUDWRULXP 366/ NRPELQDVL VLVWHP \DQJPHPLOLNLELD\D SDOLQJ HIHNWLIRSWLPDO DGDODK VLVWHP 39'LHVHOGHQJDQ PHQJJXQDNDQ 39  N: GLHVHO N:  EXDKEDWHUDL GDQ FRQYHUWHU  N: &2( 5S GDQ 13&5S GHEDQGLQJNDQ GHQJDQ VLVWHP 39 VDMD+DO LQLGLNDUHQDNDQGHQJDQGLWDPEDKNDQQ\DGLHVHOXNXUDQ39GDQMXPODKEDWHUDLGDSDWEHUNXUDQJVHFDUDVLJQLILNDQ 'DUL KDVLO DQDOLVD VHQVLWLYLWDV GDSDW GLVLPSXONDQ EDKZDNHQDLNDQ ELD\D EDKDQ EDNDU JHQHUDWRU GLHVHO 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